ABSTRACT In experiment 1 (one cycle), hens were fed diets containing 0.10, 0.115, 0.125, 0.135, 0.15, or 0.45% available P (AP) from 40 to 56 wk of age, with the last diet being a positive control. Egg production, egg mass, and BW were reduced (P < 0.05) by all lower AP levels except 0.15% AP when compared with the 0.45% AP treatment. In the second experiment (two cycles with a molt), hens were initially fed diets containing 0.10, 0.12, 0.14, 0.16, 0.18, 0.20, or 0.45% AP from 21 to 63 wk of age. Diets containing 0.10, 0.12, and 0.14% AP were terminated at 35, 39, and 50 wk, respectively, due to low egg production and increased mortality. Hens fed 0.16% AP also had
INTRODUCTION
Phosphorus is an essential nutrient that is involved in numerous body functions for laying hens including bone formation, energy storage, cellular structure, and egg formation. In the cereals and oilseeds that are commonly fed to laying hens, P is primarily stored as phytate P and is mostly unavailable to poultry because they lack sufficient quantities of phytase (Nelson, 1976) . The phytate compound has been researched extensively in an effort to discover methods to maximize P use in plants, minimize use of expensive dietary P supplements, and reduce P excretion by hens. There are 3 main approaches to minimizing P excretion by poultry: 1) supplementing diets with enzymes or other feed additives that improve the availability of P in plant sources, 2) feeding plant ingredients that contain lower levels of phytate P, and 3) feeding poultry closer to their P requirement to minimize excess dietary P. Determination of the minimal available P (AP) or nonphytate P requirement is crucial to optimizing a nutritional program focused on decreasing P excretion.
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significantly lower production performance than hens fed 0.45% AP during the first cycle. Hens on the 0.16 to 0.45% AP treatments were induced molted at 64 wk of age by 10 d of feed removal. The hens were then returned to the same AP layer diet they had been fed from 21 to 63 wk. For the 68 to 108 wk postmolt second-cycle period, hens fed the 0.16 to 0.20% AP diets (166 to 209 mg/d) had significantly lower egg production, egg mass, and feed efficiency than hens fed 0.45% AP. The results of our study indicated that first-cycle hens required approximately 0.18% AP or 198 mg AP/hen per day, and molted hens in their second cycle had a requirement that was greater than 0.20% AP or 209 mg AP/hen per day.
The recommendation of the National Research Council (1994) for laying hen diets is 0.25% AP or 250 mg/hen per day, but the levels commonly fed by industry are much higher. This requirement has been debated, and research results in the literature are variable. The AP requirement from previous published scientific studies has varied from 0.13 to 0.30% AP (Miles et al., 1983; Said and Sullivan, 1985; Vandepopuliere and Lyons, 1992; Summers, 1995; Gordon and Roland, 1997; Van der Klis et al., 1997; Punna and Roland, 1999; Scott et al., 1999; Boling et al., 2000a,b; Boorman and Gunaratne, 2001; Usayran et al., 2001; Bar et al., 2002; Sohail and Roland, 2002) . Previous research from our laboratory has shown that the AP requirement of laying hens is low and that 0.15% AP is marginally adequate when fed to hens from 20 to 70 wk of age (Boling et al., 2000a) . Previous research on the AP requirement of laying hens has primarily used hens at various times during the first egg production cycle. Little information exists on the AP requirement in molted second-cycle hens. Only one study by Said et al. (1984) fed different P levels throughout the first and second cycles and reported requirements of 0.5% total P or 0.3% AP (recalculated using NRC, 1994 composition values) for first-and second-cycle molted hens. Therefore, Either Larvadex (Novartis Animal Health, Greensboro, NC) or Solka-Floc were included in the diets depending on the time of year and need for fly control. Total P analysis of composite samples of diets taken over the entire experimental period.
it was the objective of our research to more precisely determine the minimal AP requirement in first-cycle nonmolted and second-cycle molted hens.
MATERIALS AND METHODS

Experiment 1
All animal procedures were approved by the University of Illinois Committee on Laboratory Animal Care. Four hundred thirty-two Dekalb Delta White Leghorn laying hens were randomly assigned to 1 of 6 dietary treatments from 40 to 56 wk of age. Prior to this experiment, the hens had been fed a diet (17% CP, 3.8% Ca, and 0.45% AP) that met or exceeded all nutrient requirements (NRC, 1994) . The hens were housed in a completely enclosed, ventilated caged-layer building in which the daily photoperiod was 16L:8D. The experiment was initiated in February 1999 and was completed in June 1999. Hens were arranged in a completely randomized design such that mean BW were similar for all treatments. Each experimental diet was fed to 6 replicate groups of 12 hens. A replicate group consisted of 4 adjacent cages of 3 hens per cage, and each cage measured 30 × 46 cm.
Hens were provided free access to feed and water. The composition of the basal corn-soybean meal diet with no supplemental P is provided in Table 1 and was calculated to contain 17% CP, 3.8% Ca, and 0.10% AP. Calculations of dietary AP content were made using NRC (1994) nonphytate P concentrations for corn and soybean meal in this experiment and in experiment 2. The 6 experimental diets contained 0.10, 0.115, 0.125, 0.135, 0.15, and 0.45% AP, and the P levels were adjusted with dicalcium phosphate at the expense of corn and limestone to maintain a constant Ca level of 3.8%. The 0.45% AP diet was included as a positive control diet. The dietary AP levels investigated were based on the previous results of Boling et al. (2000a,b) in which 0.15% AP was adequate to support optimal production. Egg production performance and mortality were recorded daily. Egg weights, egg mass, and feed consumption were measured biweekly. Body weights were obtained every 4 wk.
Experiment 2
This experiment used 504 Dekalb White Leghorn laying hens from 21 to 108 wk of age. The hens had been fed corn-soybean meal grower diets containing 1.0% Ca and 0.45% AP from 0 to 8 wk of age, 0.85% Ca and 0.35% AP from 8 to 18 wk of age, and a corn-soybean meal layer diet containing 3.8% Ca and 0.45% AP from 18 to 21 wk of age. The hens were allotted to 1 of the 7 dietary treatments according to the procedures given for experiment 1. Each treatment diet was fed to 6 replicate groups of 12 hens. The 7 dietary treatments were 0.10, 0.12, 0.14, 0.16, 0.18, 0.20, and 0.45% AP, and the basal diet was Means within a row with no common superscript are significantly different (P < 0.05).
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A 0.10% AP treatment was also included in this experiment. That treatment was terminated at 50 wk of age due to severe depression in egg production.
2
Values are means for 6 replicates of 12 hens per treatment.
the same as in experiment 1. Additionally, 84 hens were placed on the 0.16, 0.18, 0.20, and 0.45% AP diets (21 hens per treatment) so that excreta and tibia collection (described later) could be made without disruption of the original experiment. Housing conditions were the same as in experiment 1. At 64 wk of age, the hens were molted using a 10-d fast and by reducing the photoperiod to 10 h.
After the fast, hens on the 4 remaining AP treatments were divided so that 3 replicate groups (one-half) from each AP level were fed a 100% corn diet or a nutritionally complete (NC) molt diet (16% CP) for 16 d. The NC and corn are 2 common diets fed to layers following an induced molt, and their compositions are given in Table 1 . The NC molt recovery diet contained 16% CP, 2% Ca, and 0.45% AP; and the corn molt recovery diet contained 8.5% CP, 0.02% Ca, and 0.08% AP. We used 2 types of molt diets to determine if hens fed a corn diet (very deficient in P and many other nutrients) and fed lower-P diets premolt would be able to tolerate this type of molting program. After the feeding of the molt recovery diets, the hens were returned to the same AP level that had been fed from 21 to 63 wk of age, and they remained on these dietary treatments until 108 wk of age. The photoperiod was also increased to 12 h initially and then increased by 15 min/wk until a 16L:8D photoperiod was achieved.
Egg production and mortality were recorded daily. Egg weights were measured on all eggs produced on 2 consecutive d on a biweekly basis from 21 to 76 wk of age and every 4 wk from 77 to 108 wk of age. Feed consumption was recorded every 2 wk from 21 to 35 wk of age and every 4 wk from 36 to 108 wk of age. Hen BW were measured every 4 wk from 21 to 41 wk, every 10 wk from 41 to 63 wk, at 65 and 67 wk, and every 10 wk from 71 to 108 wk of age.
Three to five of the extra 84 hens from the 0.16, 0.18, 0.20, and 0.45% AP treatments were moved to individual bird cages (40 × 25 cm) at peak production of first cycle (31 wk), end of first cycle (63 wk), end of the 10-d fast (65 wk), and end of the 16-d molt recovery diet feeding period (67 wk), and 10 hens were moved at the end of the second cycle (108 wk) for excreta and then tibia collection. The hens were allowed a 2-d adaptation to the new cages, and then excreta were collected for 2 d. After excreta collection, hens were euthanized via CO 2 gas, and tibiae were collected for ash and P determination. All adhering tissue was removed from tibiae prior to drying. Bones were dried for 24 h at 100°C and weighed, and then the tibiae were dry-ashed for 24 h in a muffle furnace at 600°C. Ash weight was expressed as a percentage of dry bone weight (Chung and Baker, 1990) . Excreta were freeze-dried and dry-ashed as previously described. Phosphorus analysis of the tibia, excreta, and composite samples of the diets involved wet-ashing using HNO 3 and H 2 O 2 (Wedekind et al., 1991 (Wedekind et al., , 1992 followed by colorimetrically analyzing for total P content according to Association of Official Analytical Chemists (1980).
Statistical Analysis
Data from experiment 1 and the first cycle of experiment 2 were analyzed by one-way ANOVA (AP level effect) within each time point using the general linear model procedure of SAS software (SAS Institute, 1990) , and differences among individual treatments were determined using the least significant difference test (Carmer and Walker, 1985) . In experiment 2, data during the molt period and the first 5 wk of the second cycle were analyzed by ANOVA using the general linear model procedure for a factorial arrangement (4 AP levels × 2 molt recovery diets) to determine effects of the molt recovery diets. Data from the remainder of the second cycle were averaged across molt recovery diet within AP treatment and analyzed in the same manner as experiment 1 and the first cycle of experiment 2. Mortality data were arcsine transformed prior to analysis to normalize the data. Due to sample losses during analysis, unequal replication occurred in some of the tibia data; therefore, standard deviations of the means are reported and noted in those instances.
RESULTS
Experiment 1
Hen-day egg production is shown in Figure 1 . Significant depressions (P < 0.05) in egg production were first FIGURE 1. Hen-day egg production for hens fed different available P (AP) levels from 40 to 56 wk of age (experiment 1). The 0.10% AP treatment was terminated when hens were 50 wk due to low egg production. Hens fed 0.115, 0.125, and 0.135% AP treatments had lower (P < 0.05) egg production by 48, 50, and 52 wk, respectively, compared with the positive control (0.45% AP) treatment. Egg production for hens fed the 0.15% AP diet was not significantly different (P > 0.05) from that of hens fed the 0.45% AP diet at any time period.
observed at 44, 48, 50, and 52 wk of age for the 0.10, 0.115, 0.125, and 0.135% AP treatments, respectively, and depressions continued until the treatment or the experiment was terminated. The 0.10% AP treatment was terminated at 50 wk of age due to severe depressions in egg production. The hens fed 0.15% AP maintained egg production similar to, albeit numerically lower, than hens fed 0.45% AP. Production performance summarized over the entire 40 to 56 wk of age is shown in Table 2 . Because the 0.10% AP treatment was terminated early, it is not included in Table 2 . Calculated AP intakes for the 0.115, 0.125, 0.135, 0.15, and 0.45% AP treatments were 123, 136, 148, 171, and 541 mg AP/hen per day, respectively. Henday egg production was significantly lower for the 0.115 and 0.125% AP treatments than the positive control diet. Body weights, egg mass, and feed intakes were lower (P < 0.05) for the 0.115, 0.125, and 0.135% AP treatments than the 0.45% AP treatment. Egg weight was not significantly different among any of the AP treatments. Feed efficiency (g of egg/g of feed) was significantly lower only for hens fed 0.115% AP treatment compared with all other AP treatments.
Experiment 2
First Cycle. The hen-day egg production data for all AP treatments at many time points are shown in Table  3 and Figure 2 . The 0.10, 0.12, and 0.14% AP treatments were terminated at 35, 39, and 50 wk of age, respectively, due to large depressions in egg production and requirements of the University of Illinois animal use protocol. Egg production of hens fed 0.16% AP was lower (P < 0.05) from 47 to 55 wk of age than egg production of hens fed the positive control diet. Hens fed 0.18 or 0.20% AP had egg production that was similar to that of hens fed 0.45% AP from 21 to 63 wk of age.
Production performance, tibia characteristics, and excreta P for the 0.16, 0.18, 0.20, and 0.45% AP treatments for the entire 21-to 63-wk period are summarized in Table 4 . Calculated AP intakes for the 0.16, 0.18, 0.20, and 0.45% AP treatments were 170, 198, 217, and 492 mg/hen per day, respectively. Hens fed 0.16% AP had lower (P < 0.05) hen-day egg production, egg mass, and feed efficiency, whereas hens fed 0.18 and 0.20% AP had similar performance compared with hens fed the 0.45% AP positive control diet. Body weight, egg weight, and feed intake were not different among the AP treatments. Although mortality was not different among treatments (P > 0.05), it was numerically higher (3-fold) for the 0.16% AP treatment than the 0.45% AP treatment (P = 0.07).
There were no differences in tibia ash or P at peak egg production (31 wk) or at the end of the first production cycle (63 wk) among the AP treatments. The P in excreta was lower (P < 0.05) at the end of the first cycle for the 0.16, 0.18, and 0.20% AP treatments than for the 0.45% AP treatment.
Molt Period. At the end of the 10-d fast, mean BW loss was 22% (beginning mean BW was 1,617 g/hen), and egg production ceased by d 5. At the onset of the molt period, 265 hens were induced to molt, and only 3 hens died during the 26-d period resulting in a mortality loss of 1.1%. As expected, hens fed the NC molt recovery diet regained BW and returned to egg production faster than hens fed the corn molt recovery diet (data not shown). The first eggs following the molt were observed on d 12 for hens fed the NC diet and on d 16 for hens fed the Means within a column with no common superscript are significantly different (P < 0.05).
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The 0.10, 0.12, and 0.14% AP treatments were terminated at 35, 39, and 50 wk of age, respectively, due to severe depression in egg production and increased morbidity.
corn diet, and hens fed the corn diet continued to have lower (P < 0.05) egg production from 68 to 71 wk of age compared with hens fed NC diets. By the end of the 16 d of feeding of the molt recovery diets, hens fed the NC and corn diets had regained 233 and 75 g of BW per hen, respectively, and hens fed the corn diet continued to have lower (P < 0.05) BW at 67 and 71 wk of age. There were no molt diet effects on hen performance after 72 wk of age; therefore, those data were averaged over AP level for the remainder of the second cycle. In addition, tibia ash and P were lower (P ≤ 0.001) for hens fed the corn diet (32.1 ± 1.16% ash and 4.87 ± 0.17% P, respectively) than for hens fed the NC diet (38.6 ± 1.16% ash and 6.27 ± 0.17% P, respectively) at the end of the molt period (67 wk of age).
FIGURE 2. Hen-day egg production from hens fed different available P (AP) levels from 21 to 108 wk of age (experiment 2). Hens fed the 0.10, 0.12, and 0.14% AP treatments were terminated at 35, 39, and 50 wk, respectively, due to low egg production and hen morbidity. Hens fed the 0.16% AP diet had lower (P < 0.05) egg production than the higher AP treatments from 47 to 55 wk of age. The hens fed 0.18 and 0.20% AP diets maintained egg production similar to the positive control (0.45% AP) treatment during the entire first cycle (21 to 63 wk). Hens were fasted for 10 d at 64 wk of age to induce a molt and then fed a corn or a nutritionally complete molt recovery diet for 16 d. After the 26-d molt period, the hens were returned to the same diet that they had been fed from 21 to 63 wk of age. During the second cycle, hens fed 0.16, 0.18, and 0.20% AP diets had lower (P < 0.05) egg production than the positive control (0.45% AP) diet beginning at 75, 85, and 95 wk of age, respectively and continuing until 108 wk of age.
Second Cycle. Hen performance, tibia characteristics, and excreta P for the 0.16, 0.18, 0.20, and 0.45% AP treatments for the entire 65-to-108-wk period are summarized in Table 5 , and biweekly egg production is in Figure 2 . Available P intakes of the hens during this cycle were 166, 189, 209, and 485 mg/hen per day for the 0.16, 0.18, 0.20, and 0.45% AP treatments, respectively. Significant reductions in hen-day egg production, egg mass, and feed efficiency occurred when hens were fed 0.16, 0.18, or 0.20% AP compared with 0.45% AP. The significantly lower values for the 0.18 and 0.20% AP treatments were largely due to differences in egg production during the last 12 wk of the 65-to-108-wk period (Figure 2 ). Dietary AP levels did not affect BW, egg weight, or feed intake. Mortality was (P < 0.05) higher for hens fed 0.16% AP Means within a row with no common superscript are significantly different (P < 0.05).
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Values are means for six replicates of 12 hens per treatment.
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Not available because values represent a single sample of 5 tibia pooled together.
3
Pooled standard deviation provided because of unequal replication (n = 4 to 6 tibia) due to loss of some bones during analysis.
and numerically higher for hens fed 0.18% AP compared with hens fed 0.20 or 0.45% AP.
Tibia ash and P were not different among any of the AP treatments at 67 or 108 wk of age. Excreta P was significantly lower for hens on the 0.16, 0.18, 0.20% AP treatments compared with 0.45% AP at 108 wk of age. Means within a row with no common superscript are significantly different (P < 0.05).
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Hens were fasted for 10 d beginning at 64 wk of age to induce a molt and then fed either a corn or a nutritionally complete molt recovery diet for 16 d. The 65-wk values for tibia ash and tibia P were taken at the end of the 10-d fasting period, and the 67-wk values were taken at the end of 16 d, of feeding the molt recovery diets. The 65-and 67-wk values are a mean for the 2 molt recovery diet treatments within AP level.
3
Pooled standard deviation provided because of unequal replication due to loss of some bones during analysis.
DISCUSSION
The analyzed total P contents of the diets in this study were in good agreement with the calculated values from NRC (1994) Numerous studies have been conducted to determine the AP or nonphytate P requirement of laying hens (Holder, 1981; Miles et al., 1983; Gordon and Roland, 1997; Van der Klis et al., 1997; Punna and Roland, 1999; Scott et al., 1999; Boling et al., 2000a,b; Keshavarz, 2000; Boorman, and Gunaratne, 2001; Bar et al., 2002; Sohail and Roland, 2002) . However, fewer studies have evaluated AP requirements in layers for more than 30 wk during the first production cycle (Said et al., 1984; Said and Sullivan, 1985; Summers, 1995; Van der Klis et al., 1997; Boling et al., 2000a,b; Keshavarz, 2000; Boorman and Gunaratne, 2001) and only 3 papers have investigated AP requirements of molted laying hens (Holder, 1981; Said et al., 1984; Bar et al., 2002) . Only the Said et al. (1984) study fed different P levels throughout the first and second (postmolt) production cycle. Therefore, our study is only 1 of 2 that have investigated minimal AP requirement of laying hens during an 87-wk period that encompassed 2 production cycles and 2 common molting programs.
Our 2 experiments were a more thorough titration of the AP requirement of first-cycle hens than earlier studies and showed that egg production responds very precisely to incremental degrees of AP deficiency. Our results indicated that first-cycle hens require approximately 0.18% AP or 198 mg AP/hen per day, which is in general agreement with several of the recent AP requirement studies, although the findings of the many earlier studies have been somewhat variable. Van der Klis et al. (1997) reported that 0.13% to 0.16% AP was adequate for supporting egg production and other performance parameters from 18 to 68 wk of age. Boling et al. (2000a,b) found that 0.15% AP (155 to 159 mg AP/hen per d) was adequate for laying hens from 20 to 60 wk of age in 2 experiments. More recently, Boorman and Gunaratne (2001) found that feeding hens 0.16% AP from 25 to 61 wk of age did not elicit a significant decrease in egg production, egg weight, egg mass, feed consumption, BW, plasma inorganic P or Ca, or bone parameters compared with hens fed 0.31% AP. With a decreasing phase feed program, Keshavarz (2000) found that feeding 0.15 (147 mg AP/hen per d), 0.20, and 0.20% AP from 30 to 42, 42 to 54, and 54 to 66 wk of age, respectively, supported similar egg production compared with hens fed 0.40% AP continuously. In that study, there was a numerical trend for lower egg production in the hens fed 0.15% AP from 30 to 42 wk, and the author noted that this AP level could be marginally adequate for young hens in the early stages of egg production and that 12 wk may not be enough time to show a definite P deficiency. Indeed, 0.15% AP has been shown to be deficient for optimal egg production in older hens in the Keshavarz (2000) study. In another study, Summers (1995) reported that hens fed 0.20% AP from 18 to 64 wk of age had significantly lower egg production and performance than hens fed 0.40% AP. However, Summers assumed that 50% of the P in their corn-soybean meal diets was available. Using NRC (1994) ingredient table values for nonphytate P, the 0.20% AP in that study actually contained 0.13% AP. Scott et al. (1999) failed to achieve a P deficiency in hens from 18 to 55 wk of age with 0.20% AP compared with 0.40% AP. However, when they reduced the dietary AP levels to 0.11 and 0.22% AP, the 0.11% AP diet depressed egg production performance, but 0.22% AP was adequate from 56 to 67 wk of age. When reviewing and summarizing the results of earlier studies and ours with first-cycle hens, it seems that the AP requirement is between 0.15 and 0.20% or approximately 150 to 200 mg AP/hen per day, with 0.18 to 0.20% AP being adequate in most instances.
We could not find in the literature an evaluation of feeding low-AP diets to hens prior to different induced molt programs; therefore, the results presented are the first to show how prior feeding of low-P diets affects the performance and survivability during induced molting programs that vary greatly from a nutritional standpoint. Our data provide evidence that hens previously fed AP levels as low as 0.16% can be fasted for 10 d without increased mortality. In addition, hens previously fed low AP, fasted for 10 d, and then fed a nutritionally deficient (very low AP) corn-only molt recovery diet did not have increased mortality and returned to egg production in a normal manner (slightly slower than those fed the NC diet as expected). Our results indicate that laying hens can be fed lower AP diets during the first-cycle period without compromising hen performance and survivability during and immediately following the induced molt period.
The data reported here suggest that the AP requirement was higher in the second cycle than in the first cycle and that the second cycle requirement was in excess of our 0.20% AP treatment. Because the AP requirements of molted hens have not been researched extensively, there is not a good basis for comparison of our results to others. Holder (1981) suggested that the AP requirement in postmolt hens (28-wk study) was greater than 0.24% AP when calculated using NRC (1994) ingredient table values. Another study showed that an Israeli strain of hens fed 0.14 and 0.18% AP did not differ in performance from 81 to 93 wk of age, but the hens fed 0.14% AP did have higher (P < 0.05) mortality (Bar et al., 2002) . Said et al. (1984) investigated 0.21 and 0.3% AP levels (calculated using NRC, 1994 ingredient composition values) fed from 26 wk of age through an induced molt and during a 40-wk second cycle. In that study, the 0.21% AP diet did not support optimal egg production in either cycle, but hens fed 0.3% AP had similar egg production to hens fed 0.47% AP in the first and second cycles. The results of Said et al. (1984) do not agree with our results or those of several other recent studies that have reported lower AP requirements during the first cycle. However, the Said et al. (1984) results do agree with our second-cycle results in that they found that the AP requirement was in excess of 0.21%.
The reason why the AP requirement may be higher for second-cycle hens is unknown. Our data and others have shown that older hens respond more rapidly to P deficiency than younger hens, and it is speculated that this is due to decreases in P use or depletion of body P stores in the older hens (Boling et al., 2000a; Sohail and Roland, 2002 ). We did not observe differences in tibia ash or tibia P among any of the AP treatments, and this relationship was also generally observed in several other studies (Gordon and Roland, 1997; Van der Klis et al., 1997; Keshavarz, 2000; Boorman and Gunaratne, 2001; Usayran et al., 2001; Sohail and Roland, 2002) . These results suggest that substantial P depletion is not occurring as a result of lower AP levels or increasing age.
Our results for excreta P are in general agreement with other studies that measured P in poultry waste (Edwards and Daniel, 1992) . Excreta P was reduced from approximately 1.7 to 1.2% (30% reduction) by feeding AP levels of 0.16 to 0.20% compared with 0.45% in our study, which is increasingly important in areas where P in poultry manure fertilizer is monitored closely to prevent environmental pollution.
In summary, the study reported here indicated that the minimum AP requirement for laying hens was approximately 0.18% AP or 198 mg/hen per day during the first cycle and greater than 0.20% AP or 209 mg/hen per day during the second cycle. Thus, it seems that the AP requirement of second-cycle (molted) hens may be greater than that of first-cycle hens. In addition, AP levels of 0.16 to 0.20% for first-cycle hens were sufficient to support livability during the molt period even when the molt program used a 10-d fast followed by feeding an all corn diet (very low AP).
